At the present time the direct nuclear energy conversion into optical radiation is realized in gas media in which filling of energy levels takes place in the lowtemperature plasma (nuclear-excited plasma) induced by ionizing radiation. The research of optical radiation of the nuclear-excited plasma induced by products of nuclear reactions is interest for development of an alternative outlet method of energy from the nuclear reactor, creation of control and regulating bodies for parameters of nuclear reactors as well as creation of one of diagnostics of hightemperature plasma in fusion reactors. The purpose of this work was to obtain new experimental data about processes of nuclear energy conversion into optical radiation with the optimal gas media having high coefficient of nuclear energy conversion into optical radiation and also with a possibility of outlet method of energy from the nuclear reactor core. In this article, description of the reactor experimental bench (LIANA) and the experiment scheme, the irradiating ampoule device (AD) with surface source of charged particles is provided, and the procedure of reactor experiment is presented. This paper presents the results of the reactor experiments of studying the spectral-luminescent characteristics of unary noble gases (Ne, Ar, Kr, Xe) and binary Kr-Xe gas mixture in a 200-975 nm spectral range with ionization gaseous media by products of 6 Li(n,α)T nuclear reaction under irradiation at research water-cooled heterogeneous reactor (the IVG.1M).
Introduction
The efficiency of converting nuclear energy into light energy depends largely on the choice of the active gaseous media excited by nuclear reaction products [1] . If a suitable composition of the gaseous media is found, then it is possible to ensure selective level filling of impurity gas in these collisions where laser generation can be obtained [2] . Efficient excitation of the gaseous media needs isotopes interacting with neutrons in direct contact with this gaseous media. At various times, exothermic neutron nuclear reactions such as 3 Не(n,p)T, 10 B(n,α) 7 Li and 235 U(n,f)F were used to generate a nuclear-excited plasma.
The Branch of Institute of Atomic Energy of National Nuclear Center of RK (Kurchatov, Kazakhstan) is currently conducting the experiments on studying the spectral-luminescent properties of a nuclear-excited plasma induced by nuclear reaction products of 6 Li(n,α)T, by using surface sources of charged particles.
Experimental facility and technique of reactor experiments

Experimental bench
The reactor experiments on studying the luminescence spectra of gaseous media was held on the LIANA experimental bench, located in a stationary reactor hall, at a flux of thermal neutrons of 1.44 •10 14 n/(cm 2 s) [3] . Figure 1 shows a schematic diagram of the LIANA experimental bench.
The LIANA experimental bench was initially intended for carrying out researches of hydrogen isotopes interaction in metals and alloys at the various temperatures of a sample and inlet pressures of gases, including at the influence of reactor irradiation (detailed description of LIANA experimental bench is provided at [4, 5] ).
The experimental bench consists of an ampoule device (1) and a working unit. The working unit consists of a vacuum system, a system for purification (6), information and measuring complex. The vacuum system consists of fore vacuum (4) and high vacuum parts (5), connected by the pipelines with the stop valves (7) . Under the influence of neutron flux from the IVG.1M reactor, lithium as fissionable material emits charged particles (He and 3 H) which excite the gas medium that leads to its luminescence. The luminescent radiation gets into input of the collimator and focuses on input of the optical fiber cable. Transmitted luminescent radiation through the cable goes to input of a QE65 Pro-abs optical spectrometer (2) and is recorded as a luminescence spectrum on the hard disk of PC (3).
Experimental ampoule device
For the reactor experiments on studying the spectral-luminescent properties of noble gases and their binary mixtures under conditions of reactor irradiation, a special ampoule device (AD) with an experimental cell was designed. Figure 2 shows a schematic design, 3D-view and the main elements of the AD.
As fissionable material, lithium with enrichment by 6 Li -7.5% with a layer thickness 0.05 mm and Fig. 1 . A schematic diagram of the modernized LIANA experimental bench: 1 -ampoule device; 2 -optical spectrometer; 3 -PC; 4 -fore vacuum pump; 5 -high-vacuum pump; 6 -palladium-silver filter; 7 -stop valves; 8 -tank with spectrally pure gas.
high 150 mm was used. The procedure for applying a thin layer of lithium on the inner side of the experimental cell of AD is described in [6] . Materials of AD, experimental cell and other component parts were made from 12Cr18Ni10Ti stainless steel. The dimensions of AD: 59 mm × 900 mm. The dimensions of the experimental cell: diameter 14 mm, length 170 mm. AD design allows "recharge" gaseous media during the reactor experiment.
Technique of the reactor experiments
In view of the technological features of the IVG.1M research reactor and LIANA experimental bench, a technique of reactor experiments on studying the spectral-luminescent properties of noble gases, excited by the products of 6 Li(n,α)T nuclear reaction has been developed, which consists in the following: AD was loaded in the experimental channel of the IVG.1M reactor. Thus, the center of experimental cell coincided with reactor core center. Hereafter, AD connected with the vacuum system of the experimental bench and all necessary technological procedures on preparation of loaded device and LIANA bench for reactor irradiation experiments were conducted. Then, prior to reaching the targeted level of the reactor power, the studied gases were supplied into the AD volume up to required pressure. After this, the reactor was set on the targeted level of power, luminescent spectrum of gaseous media, excited by the products of 6 Li(n,α)T nuclear reaction, appearing in the volume of the experimental cell of AD was recorded. After recording the luminescence spectra at targeted level of power of the IVG.1M reactor the pressure or composition of gaseous media changed. When luminescent spectrum of gas mixture at all studied stationary levels of reactor power were measured, the planned reactor shutdown was done.
Results and discussion
Several reactor experiments [6] [7] [8] were conducted at the LIANA experimental facility by the method described above.
The АD was heated through the radiation heating up of the steel pipe and the energy extraction in the lithium layer, the temperature was regulated by a change in the nitrogen flow rate with external cooling. The temperature of the outer surface of the tube with lithium was recorded with the help of two thermocouples which were located in the middle of the height of the lithium layer. The temperature of the experimental cell's walls was 313 K.
The results of experiments with unary noble gases excited by the products of 6 Li (n,α)T nuclear reaction
The first reactor experiment was conducted with neon noble gas. The volume of the ampoule device was degassed in the reactor core at 413 K and, before filling, purged several times with the studied gases with impurities less than 0.001%. Next, with the help of the puffing system, the studied gas was supplied by portions into the volume of the AD up to a pressure of 1 atm. Figures 3 and 4 show the spectrum of the neon emission with the background subtraction for different values of the integration time.
In the neon luminescence spectrum, the lines belonging to the 3p-3s transitions of the neon atom dominate, and the 3d-3p lines are also available in the IR area. In the near portion of the spectrum, there are bands of molecular nitrogen ions (391.4 nm, 427.8 nm, 471 nm), which is explained by the present of impurities. The obtained data are in good consistent with the results of other studies [9] . The presence of impurities is consistent with the results of other studies [10] , in which intensive lines and impurity bands were recorded during ionizing radiation even in cases where high purity gases were used. Emission intensity distribution of separate lines of neon, in the wavelength range from 200 to 975 nm is presented in Table 1 .
The intensity of the atomic lines appears in relative units without correction for the spectral sensitivity of the experimental setup. The condition for experiments with neon was similar to experiments with argon. The Figs. 5 and 6 show the argon luminescence spectra at different values of the integration time.
The argon emission spectra consist mainly of ArI lines that refer to the transitions of 4p-4s of the argon atom. Emission intensity distribution of separate lines of argon is presented in Table 2 . The conditions for the experiments with krypton were similar to the previous experiments (Figs. 7. and 8) .
The krypton luminescence spectra consist mainly of KrI lines with all KrI lines belonging to the 5p-5s transitions. The most intense lines are 769.4 nm, 819.0 nm, 826.3 nm and 829.8 nm. Emission intensity distribution of separate lines of krypton is presented in Table 3 . Emission intensity distribution of separate lines of xenon is presented in Table 4 .
It is worth to note that the continuum of krypton and xenon in the UV zone was limited to the transmission of the optical fiber. 
The results of experiments with a binary Kr-Xe gaseous mixture
Molecular bands in the emission spectra of paired noble gases mixtures were first discovered more than half a century ago. In [11] high efficiency of (ArXe) + , (KrXe) + luminescence, pumped by ionizing radiation is noted. In [12] KrXe mixture was excited by the products of 3 He(n,α)T nuclear reaction in the central channel of the WWR-K reactor core with a flux of thermal neutrons of (0.3÷1.0)•10 13 n/(cm 2 s). High selectivity of excitation of 491 nm band in Kr-Xe mixture in combined with absence of stable chemical compounds during irradiation and the ability to work at high temperatures indicate the prospect of using as a powerful nuclear-excited source of optical radiation. The 491 nm band is interesting in terms of creating detectors of ionizing radiation, as well as the output of light energy from a nuclear reactor core.
In the experiments with a binary krypton-xenon gaseous mixture, two reactor experiments with different concentrations of the constituent gaseous mixtures: Kr (0.005 atm) -Xe (1 atm) and Kr (0.5 atm) -Xe (0.5 atm) were conducted. Figure 11 shows the emission spectrum of the krypton-xenon gaseous mixtures at the thermal power of the IVG.1M reactor 6 MW at various pressure concentrations.
As can be seen from Fig. 11 , a broad molecular band (band group) is observed in the range of 465-500 nm with a maximum wavelength of 491 nm.
In [13] the Kr-Xe gaseous mixture ratio was approximately 31:1. Molecular bands observed in the emission spectra of paired mixtures of noble gases excited by an electron beam were identified [14] as transitions between states of heteronuclear ionic molecules: Emission intensity distribution of separate lines of krypton-xenon gaseous mixture in the wavelength range from 200 nm up to 975 nm is presented in Table 5 . A band of heteronuclear ionic molecules of noble gases excited by electron and ion beams [15, 16] are weakly expressed in comparison with excitation by decay products.
Conclusions
In the course of this work, a series of experiments on research of emission characteristics of the single-component noble gases and the binary Kr-Xe mixture induced by products of 6 Li(n,α)T nuclear reaction was conducted in the stationary field of the IVG.1M reactor. As a result of the carried-out experiments, luminescent spectra of unary (Ne, Ar, Kr, Xe) and binary (Kr-Xe) gas mixture were measured and identified. Reactor experiments with gaseous mixtures have shown the possibility of experiments to study the luminescence spectra of gaseous mixtures excited by the products of the nuclear reaction of 6 Li(n.α)T. The linear proportional dependence of thermal energy as compared with thermal neutron flux is noted.
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